1. Introduction {#sec0001}
===============

Neurotrophins are a heterogeneous class of evolutionarily ancient nerve growth factors (NGFs) that exert a kaleidoscope of important biological activities.[@bib0001] The most important proteins belonging to the neurotrophins family include NGF, brain-derived neurotrophic factor (BDNF), neurotrophin-3 (NT-3), and neurotrophin-4 (NT-4).[@bib0002] Each of these molecules can bind to 1 or more cellular receptors and mediate their biological function *in vivo* ([Table 1](#tbl0001){ref-type="table"}). Although a thorough discussion of the complexity of the neurotrophin receptor signaling system must be omitted in this article due to space constraints, it is worthwhile mentioning here that the final effect is neurogenesis, thus promoting growth and differentiation of new neurons and synapses, supporting axonal and dendritic growth, fostering synaptic plasticity, and preserving survival of existing neurons.[@bib0003] All these biological functions finally converge to modulate personality traits, along with executive and cognitive functions (e.g., learning, memory). Accordingly, reliable evidence has been published that an impairment of neurotrophins signaling, especially the BDNF pathway, may be associated with some severe cognitive disorders (e.g., Alzheimer\'s and Huntington\'s diseases) or depression.[@bib0004]^,^[@bib0005] Hence, it is obvious that strategies aimed at sustaining or even amplifying production of neurotrophins may generate substantial cognitive benefits in humans.[@bib0006]Table 1Neurotrophins and their receptors.Table 1p75^NTR^Trk-ATrk-BTrk-CNerve growth factorYesYes------Brain-derived neurotrophic factorYes---Yes---Neurotrophin-3YesYesYesYesNeurotrophin-4Yes---Yes---[^1]

The many important benefits of physical exercise on human health have long been recognized and mostly include a decreased risk of cardiovascular disease, diabetes, cancer, osteoporosis, and so forth.[@bib0007]^,^[@bib0008] Only recently, however, it has been acknowledged that physical exercise may also generate substantial benefits on executive and cognitive functions through a mechanism that seems to depend on exercise type, intensity, and volume.[@bib0009] In general, physical exercise of sufficient intensity and duration (i.e., approximately 3 months of moderate-intensity aerobic exercise, with sessions lasting not less than 20 min) seems to be capable of triggering neurogenesis, which potentiates synaptic plasticity and creates new synapses and neural circuits that ultimately can contribute to the optimization of brain plasticity and fitness.[@bib0010], [@bib0011], [@bib0012] Notably, the impact of acute exercise cannot be discounted because it is essential for priming some specific cellular pathways that then translate into structural and functional adaptations typically observed in subjects engaged in regular physical exercise.[@bib0012] Physical exercise can therefore be regarded as an enhancer of environmental factors that may actively promote neuroplasticity by repeated or chronic release of some important biochemical mediators.

The combination of these 2 previous observations, that is, the essential contribution of neurotrophins to brain biology and the impact of physical exercise on cognitive function, leads to the hypothesis that these 2 aspects may somehow be interrelated and that physical exercise may be regarded as a promising option for fostering neurotrophins production, ultimately improving human brain functioning.[@bib0009]^,^[@bib0013]

Although a large number of investigation studies have been carried out to explore the relationship between physical exercise and neurotrophins in cellular and animal models, the results of these studies cannot be straightforwardly translated to humans, because substantial differences exist between human and animal brains in terms of anatomy, biochemistry, biology, and function.[@bib0014]^,^[@bib0015] Moreover, the exercise protocols typically used in animal studies are very different from those used in human studies, so the exercise-induced biological changes in animals must always be interpreted with caution. The current article provides an updated overview of the interplay between physical exercise, neurotrophins, and cognitive function as reported in studies involving humans.

2. Neurotrophins release triggered by physical exercise {#sec0002}
=======================================================

The number of studies that have investigated the exercise-related biology of neurotrophins in healthy and diseased humans has grown exponentially during the past decades. The vast majority of studies have focused on BDNF, and data from those studies have been recently reviewed in several comprehensive meta-analyses ([Table 2](#tbl0002){ref-type="table"}).Table 2Summary of meta-analyses that have explored the effects of physical exercise on BDNF.Table 2AuthorsStudy population*n* (studies/total participants included)ConclusionsSzuhany et al. (2015)[@bib0016]No exclusion criteria29/1111Acute increase in BDNF after exercise\
Chronic increase in BDNF after exercise programs\
Regular exercise training amplifies the BDNF response to acute exercise\
Aerobic exercise more effective than resistance training\
No dependency on BDNF variation based on ageDinoff et al. (2016)[@bib0017]Healthy subjects29/910Chronic increase in BDNF after exercise programs\
Aerobic exercise more effective than resistance training\
No association between BDNF variation and exercise duration and intensity\
No dependency on BDNF variation based on age, sex, and body mass indexDinoff et al. (2017)[@bib0018]Healthy subjects55/1180Acute increase in BDNF after exercise\
Slightly greater effect on acute BDNF variation from aerobic exercise than from resistance training\
Association between BDNF variation and aerobic capacity\
No association between BDNF variation and exercise duration and intensity (but significant variation only observed \>30 min)\
BDNF variation higher in men than in women\
No dependency on BDNF variation based on age or body mass indexFeter et al. (2019)[@bib0019]No exclusion criteria25/2152Chronic increase in BDNF after exercise programs\
Association between BDNF variation, aerobic capacity, and exercise volume\
No dependency on BDNF variation based on age, sex, health status, or exercise intensityDinoff et al. (2018)[@bib0020]Patients with major depressive disorders6/1176No chronic increase in BDNF after exercise programsKurebayashi and Otaki (2018)[@bib0021]Patients with major depressive disorders5/199No chronic increase in BDNF after exercise programsMackay et al. (2017)[@bib0022]Patients with neurologic disorders11/303Chronic increase in BDNF after exercise programsHirsch et al. (2018)[@bib0023]Patients with Parkinson\'s disease4/100Chronic increase in BDNF after exercise programs[^2]

2.1. BDNF {#sec0003}
---------

In 2015, Szuhany et al.[@bib0016] carried out a meta-analysis of all studies addressing the potential association between different exercise paradigms and BDNF concentration in humans. The authors included 29 studies in their analysis, representing a total of 1111 participants (no exclusion criteria were used for the study populations), and concluded that a single session of exercise was effective to immediately increase the serum or plasma concentration of BDNF (Hedges' *g* = 0.46; 95% confidence interval (CI): 0.29--0.62; *p* \< 0.001). Postexercise increase in BDNF values was then significantly amplified in subjects who had completed a program of regular exercise training comprising 3--24 weeks (Hedges' *g* = 0.58; 95%CI: 0.10--1.07; *p* = 0.02). The elimination of resistance training intervention (i.e., arm and elbow strength) did not significantly attenuate the effect of acute exercise on BDNF (Hedges' *g* = 0.49; 95%CI: 0.34--0.64; *p* \< 0.001), whereas strength/resistance training studies did generate a significant acute impact on BDNF concentration (Hedges' *g* = 0.57; 95%CI: −0.24 to 1.37; *p* = 0.17), thus suggesting that aerobic exercise may be more effective globally in boosting the circulating values of BDNF.

In a subsequent meta-analysis, Dinoff et al.[@bib0017] explored the impact of exercise interventions lasting not less than 2 weeks on the circulating values of BDNF. Overall, 29 studies met the criteria to be included in the analysis, representing a total 910 participants. In agreement with previous evidence, the resting values of BDNF were found to be significantly increased by exercise interventions (standardized mean difference (SMD) = 0.39; 95%CI: 0.17--0.60; *p* \< 0.001), but a significant impact was only observed after aerobic exercise (SMD = 0.66; 95%CI: 0.33--0.99; *p* \< 0.001) and not after resistance training (SMD = 0.07; 95%CI: --0.15 to 0.30; *p* = 0.52). No significant difference was noted among different age classes (*p* = 0.25), between women and men (*p* = 0.95), between training programs of a duration of less than 12 weeks and of 12 weeks or greater (*p* = 0.39), or between short- and long-duration exercise (*p* = 0.97). The same group of authors performed a 2nd meta-analysis that investigated the impact of different types (e.g., running, cycling, and resistance training) and intensities of exercise on circulating BDNF values.[@bib0018] A total of 55 studies with 1180 total participants were included in the final analysis. In accord with previous evidence, circulating BDNF concentration was increased by approximately 60% immediately after acute exercise (SMD = 0.59; 95%CI: 0.46--0.72; *p* \< 0.001). Both aerobic exercise (SMD = 0.61; 95%CI: 0.46--0.75; *p* \< 0.001) and resistance training (SMD = 0.48; 95%CI: 0.15--0.80; *p* = 0.004) were associated with immediate postexercise increase of circulating BDNF values, albeit the variation was slightly higher after aerobic training than after resistance training (i.e., 61% *vs.* 48%). Also, in this 2nd meta-analysis, no significant association was noted between BDNF variation and overall exercise duration (*β* = 1.822; *p* = 0.075) and intensity (*β* = 1.766; *p* = 0.085). Nevertheless, when the exercise interventions were divided between those lasting 30 min or less (SMD = 0.47; 95%CI: 0.31--0.63; *p* \< 0.001) and those lasting more than 30 min (SMD = 0.81; 95%CI: 0.53--1.09; *p* \< 0.001), a marginally significant difference was observed (*p* = 0.04), thus supporting the hypothesis that 30 min of exercise is the minimal threshold for producing significant BDNF variations. Interestingly, postexercise BDNF variation seemed to be higher in men than in women (SMD = 0.75 *vs.* 0.13; *p* \< 0.001), but the variation was not influenced by age (*β* = --0.877; *p* = 0.38) or body mass index (*β* = 1.000; *p* = 0.33). Finally, greater variations in postexercise circulating BDNF values were observed in patients with higher levels of cardiorespiratory fitness (*β* = 3.548; *p* = 0.002).

More recently, Feter et al.[@bib0019] published another meta-analysis of 25 studies with 2152 total participants aimed at exploring the chronic effects of exercise on circulating BDNF. No exclusion criteria were applied for selecting the study populations. In the final meta-analysis, exercise was associated with a significant increase in BDNF concentration (mean increase = 596 pg/mL; 95%CI: 472--721 pg/mL; *p* \< 0.001), and this effect was found to be independent of age, sex, and health status. The major contributors to postexercise BDNF variation in the meta-regression analysis were aerobic capacity (*p* = 0.02) and duration of exercise (*p* = 0.02).

A 3rd meta-analysis was then published by Dinoff et al.[@bib0020] It aimed at exploring the effects of long-term exercise interventions on circulating BDNF values in patients with major depressive disorders, diagnosed according to the *Diagnostic and Statistical Manual of Mental Disorders*. Overall, 6 studies totaling 1176 participants were included in the final analysis, which revealed that exercise interventions were not effective in modifying the baseline concentration of BDNF in these patients (SMD = 0.43; 95%CI: --0.06 to 0.92; *p* = 0.09). Interestingly, this evidence was then confirmed in another recent meta-analysis published by Kurebayashi and Otaki.[@bib0021] The authors identified 5 studies with 199 total participants who suffered from major depressive disorders. The authors investigated the effects of physical exercise on circulating BDNF concentration and concluded that the no significant postexercise variation could be noted in these patients (SMD = 0.05; 95%CI: --0.23 to 0.32; *p* = 0.75).

Unlike the evidence garnered in studies on patients with major depressive disorders, different results were recently published by Mackay et al.[@bib0022] in patients with neurologic disorders. Overall, 11 studies with 303 total participants were included in the final analysis, which revealed that programs of aerobic exercise (median 12 h/week, lasting 4--24 weeks) were effective in significantly increasing resting BDNF values (SMD = 0.84; 95%CI: 0.47--1.20; *p* \< 0.001). In line with these findings, Hirsch et al.[@bib0023] recently carried out another meta-analysis that included 4 pre-experimental studies and 2 randomized controlled trials with a total of 100 patients who had idiopathic Parkinson\'s disease. Overall, physical exercise interventions lasting 28--90 days were effective in significantly increasing circulating BDNF concentration in these patients (SMD = 2.06; 95%CI: 1.36--2.76; *p* \< 0.001).

Another systematic review was recently published by Enette et al.,[@bib0024] who analyzed the impact of interval and continuous aerobic training on BDNF concentration in subjects aged 60 years or older. Overall, 14 randomized or nonrandomized intervention studies with a total of 988 participants were included in the final analysis. The resting BDNF concentration was found to be significantly increased among participants in 4 of the 5 (80%) studies that applied aerobic interval training protocols and among participants in 6 of the 9 (67%) studies that applied continuous aerobic training.

2.2. Other neurotrophins {#sec0004}
------------------------

Unlike the large volume of data available for BDNF ([Table 2](#tbl0002){ref-type="table"}), a rather limited number of studies have evaluated the influence of physical exercise on other neurotrophins. An electronic search conducted in Scopus and PubMed using "nerve growth factor" AND "exercise" OR "sport" as search parameters identified a total number of 371 documents, only 12 of which involved humans and investigated the effect of physical exercise on this neurotrophin. The findings from these studies are briefly presented and discussed in this section.

The 1st study that investigated the effect of exercise on circulating NGF values was published by Gold et al.[@bib0025] in 2003. The authors studied 25 patients with multiple sclerosis and 20 healthy matched controls who were asked to perform a cycle ergometry test for 30 min at 60% of maximal aerobic capacity. Although the immediate postexercise values of BDNF were significantly increased by approximately 30% over the baseline in both patients and controls (cumulative effect, *p* = 0.03), the concentration of NGF remained virtually unchanged in both groups (cumulative effect, *p* = 0.09).

Schulz et al.[@bib0026] studied 15 patients with multiple sclerosis who were engaged in an 8-week aerobic bicycle training program (30 min of cycling at 75% of maximal watts, twice a week). The resting concentration of BDNF was found to be increased after the exercise training period (+17%), whereas the concentration of NGF did not substantially change. Similar results were seen after a 30-min endurance test, with BNDF concentration increasing by approximately 36% and NGF values remaining unvaried.

In an ensuing investigation, Rokling-Andersen et al.[@bib0027] conducted a randomized, controlled, 2 × 2 trial including 188 participants in the Oslo Diet and Exercise Study. These participants were randomized to 4 different 1-year protocols: a no intervention protocol (*n* = 37), a diet protocol (*n* = 45), an exercise protocol (*n* = 48), and a diet plus exercise protocol (*n* = 58). The exercise protocol consisted of 60 min of aerobic training (e.g., fast walking or jogging), 3 times weekly, whereas the dietary intervention increased participants' intake of fish, vegetables, and fiber-rich products and reduced intake of cholesterol and saturated fats. Neither form of the 2 interventions involving physical exercise was effective in significantly modifying the circulating values of NGF (*p* = 0.74).

Bonini et al.[@bib0028] carried out a cross-sectional study including 96 pre-Olympic athletes and 49 matched healthy sedentary controls. The authors reported that the concentration of circulating NGF in athletes was nearly twice that of the controls (368 ± 776 pg/mL *vs.* 174 ± 484 pg/mL; *p* \< 0.001).

Bansi et al.[@bib0029] carried out a randomized controlled clinical trial involving 60 patients with multiple sclerosis who engaged in 30 min of controlled cycling daily at 60% of maximal aerobic capacity for 3 weeks performed on a cycle ergometer or an aquatic bike (pool depth, 130 cm). Interestingly, the baseline BDNF concentration increased by 23% (*p* = 0.046) after water cycling but not after land cycling (*p* = 0.699), whereas the baseline NGF values did not change after either form of exercise (*p* = 0.087 after water cycling and *p* = 0.721 after land cycling).

Kim[@bib0030] carried out a cross-sectional study that included 22 male adolescents aged between 14 and 18 years. These subjects were divided in 2 groups: those who did not perform any regular exercise program for more than 1 year (control group, *n* = 9) and those with more than 3 years of training who regularly exercised 18 h/week (trained group, *n* = 13). Although the concentration of NGF in the trained group was slightly higher than in the control group (6.7 ± 2.8 ng/mL *vs.* 5.0 ± 2.2 ng/mL), the difference did not reach statistical significance (*p* \> 0.05).

Azali Alamadari and Choobineh[@bib0031] carried out a study involving 30 subjects (mean age, 58 ± 5 years) with metabolic syndrome, who were randomized to no exercise (*n* = 14) or an 8-week aerobic training program encompassing 3 sessions/week of exercise at 50%--60% of maximal aerobic capacity (*n* = 16). Interestingly, a significant increase in resting circulating values of both BDNF (+4%; *p* \< 0.05) and NGF (+48%; *p* \< 0.05) was noted in the exercise group.

Cho et al.[@bib0032] studied 36 obese middle-aged Korean women (mean age, 55 ± 3 years) who were randomized to no intervention, an 8-week aerobic exercise program (3 sessions/week of 40-min treadmill running at 70% of heart rate reserve), and an 8-week aerobic exercise program (same as before) plus cranial electrotherapy stimulation. The resting concentration of BDNF was found to be significantly increased after the 2 exercise intervention modalities (+17% after exercise alone and +15% after exercise plus cranial electrotherapy stimulation), as were the resting values of NGF (+10% after exercise alone and +9% after exercise plus cranial electrotherapy stimulation). The same authors carried out another intervention study based on a 40-min treadmill exercise at 70% heart rate reserve 3 times/week for 8 weeks in 10 obese (mean age, 23 ± 2 years) and nonobese (mean age, 23 ± 2 years) young men.[@bib0033] This exercise intervention was effective in increasing the resting concentration of BDNF in both obese and nonobese subjects (1%--20%; *p* = 0.013), although the circulating levels of NGF remained mostly unchanged in both categories of subjects (*p* = 0.196). These authors also performed another study including 15 healthy men who were asked to engage in treadmill running under low-, moderate-, and high-intensity conditions.[@bib0034] In accordance with previous findings, the concentration of BDNF displayed an exercise-volume-dependent immediate increase (+6%, +23%, and +27% after low-, moderate-, and high-intensity exercise, respectively), with values returning to the baseline after 60 min. A similar exercise volume-dependent kinetics was noted for NGF values (+12%, +19%, and +23% immediately after low-, moderate-, and high-intensity exercise, respectively), with values returning to the baseline after 60 min.

In a subsequent study, Mokhtarzade et al.[@bib0035] randomly assigned 66 patients with multiple sclerosis to no exercise or an 8-week exercise intervention based on cycling at 60%--70% of peak power 3 days/week. Although the exercise intervention was effective in significantly increasing BDNF values in normal weight (*n* = 33; *p* = 0.001) but not in obese patients (*n* = 33; *p* \> 0.05), the circulating levels of NGF remained similar to pre-exercise intervention levels both in normal weight and obese patients (*p* \> 0.05).

Moradi et al.[@bib0036] measured NGF in 48 autistic children aged 6--9 years, who were equally assigned to 4 different 2-month protocols, encompassing no intervention, perceptual-motor activities combined with music, vitamin D supplementation alone, and perceptual-motor activities combined with music and vitamin D supplementation. As expected, no variation in NGF levels was observed in the no intervention group, whereas the postintervention concentration of this neurotrophin gradually increased from approximately 3% in the perceptual-motor activities combined with music group to approximately 30% in the vitamin D supplementation group, up to approximately 70% in the perceptual-motor activities combined with music and vitamin D supplementation group.

As regards the other 2 neurotrophins, NT-3 and NT-4, a combined Scopus and PubMed search using the keywords "neurotrophin-3" OR "neurotrophin-4" AND "exercise" OR "sport" identified 93 documents for NT-3 and 48 documents for NT-4, but only one of these was an experimental study involving human subjects.

Domínguez-Sanchez et al.[@bib0037] carried out a randomized, parallel group clinical study including 51 physically inactive obese men (mean age, 24 ± 3 years) who were randomized to no exercise, high-intensity exercise (4 × 4-min treadmill running at 85%--95% of maximum heart rate (HR~max~) alternated with 4-min recovery at 75%--85% of HR~max~), resistance training (12--15 repetitions/set at 50%--70% of HR~max~ alternated with 1-min recovery), or combined high-intensity and resistance exercise. Blood samples were then drawn before exercise and immediately after (i.e., within 1 min) each exercise protocol. Interestingly, BDNF values acutely increased after high-intensity exercise (+7%) and combined training (+12%), but were not modified by resistance training. The values of NT-3 and NT-4 were both found to be increased after resistance training (+13% and +7%, respectively) and combined training (+12% and +9%, respectively), whereas their relative increase (+13% and +1%, respectively) did not reach statistical significance after high-intensity exercise. Notably, the relative variation of BNDF was found to be marginally associated with that of NT-4 (*r* = 0.59; *p* = 0.034), but not with that of NT-3, nor were the postexercise changes of NT-3 and NT-4 significantly associated.

3. Discussion {#sec0005}
=============

Taken together, the currently available data seemingly confirm the existence of a positive relationship between physical exercise and circulating BDNF levels, both in the short and long term, and also support the beneficial impact of training programs for amplifying the acute BDNF response ([Table 2](#tbl0002){ref-type="table"}). Notably, an accurate assessment of postexercise variation of BDNF changes requires an appropriate blood sample collection and should be corrected for hemoconcentration.[@bib0038] Although both aerobic exercise and resistance training seem to be effective in acutely increasing BDNF values, the variation promoted by the former type of exercise seems greater. Controversial information has been reported for exercise intensity and duration. Although most published studies seem to rule out a clear impact of intensity on BDNF concentration, exercise lasting for 30 min or more seems necessary to generate a significant postexercise increase in this molecule ([Table 2](#tbl0002){ref-type="table"}). Interestingly, the potential role of anaerobic exercise has been highlighted by Schiffer et al.,[@bib0039] who showed that blood lactate generation may interplay with BDNF blood concentrations, whereby intravenous infusions of approximately 4 mol/L of sodium lactate solution were effective in acutely increasing blood BDNF values by approximately 1.4-fold. Finally, although the impact of exercise on BDNF concentration has occasionally been found to be higher in men than in women, no significant associations have been reported based on age or body mass index. Surprisingly, no effect of physical exercise on circulating BDNF values was found in patients with major depressive disorders, whereas in those with neurologic disorders the effect was globally comparable with that observed in the general population ([Table 2](#tbl0002){ref-type="table"}).

Less solid and clear information can be garnered from the limited number of studies that investigated the impact of physical exercise on circulating values of the 3 other major neurotrophins (NGF, NT-3, and NT-4). Although definitive conclusions cannot be made, the current evidence suggests that---unlike BDNF---the impact of physical exercise on circulating values of NGF remains largely uncertain. Significant increases were observed in the several interventional studies,[@bib0028]^,^[@bib0031]^,^[@bib0032]^,^[@bib0034]^,^[@bib0036] although the results of the remaining studies do not support the existence of any significant interaction. In the only interventional study that evaluated the postexercise variation of both NT-3 and NT-4, the concentration of these 2 biomarkers increased after resistance and combined training.[@bib0037]

Thus, given that physical exercise is capable of both acutely and chronically increasing the circulating values of some neurotrophins, especially NBDF, understanding how this phenomenon would translate into tangible benefits in humans becomes essential. Some studies have combined the assessment of BDNF variation and neurocognitive improvement after exercise. Kimhy et al.[@bib0040] carried out a single-blind randomized clinical study that included 33 patients with schizophrenia who were randomized either to a 12-week aerobic whole body exercise program (*n* = 16) or to standard psychiatric treatment (*n* = 17). At the end of the study, the concentration of BDNF increased by 11% in the aerobic exercise group compared to 2% in the cohort that received standard psychiatric treatment. Neurocognitive functioning was also substantially improved in the aerobic exercise group, and approximately 15% of this variation was explained by postaerobic exercise BDNF variation. In a subsequent study, Heisz et al.[@bib0041] explored the impact of physical exercise and cognitive training on neurotrophic factors and neurocognitive functioning in 95 healthy young adults (mean age, 21 ± 3 years; 58 women and 37 men). The participants were randomized to no intervention, 6 weeks of exercise training (20 min of high-intensity interval training 3 times/week), or 6 weeks of the previously mentioned exercise training combined with cognitive training. Individuals with greater aerobic fitness improvements in response to exercise training showed greater increases in BDNF levels (*r* = 0.25; *p* \< 0.05), as well as better high-interference memory performance as a result of the combined exercise and cognitive training compared with exercise alone (*r* = 0.42; *p* \< 0.05). More recently, Leckie et al.[@bib0042] explored the effect of aerobic training on executive function and BDNF levels in 90 older adults (mean age, 67 ± 6 years; 59 women and 33 men). The subjects were randomized either to a no exercise protocol or to an intervention involving 1 year of walking (3 days/week for 40 min at 60%--75% of HR~max~ reserve). In members of the walking group aged more than 65 years, the serum concentration of BDNF significantly increased by approximately 25%, and this variation was significantly associated with improvement in executive function and task-switch performance. Encouraging results were also published by Hakansson et al.,[@bib0043] who recruited 19 healthy older adults 65--85 years of age. All of them performed a single session of 3 different types of intervention: 35 min of whole body aerobic exercise at moderate intensity, 35 min of cognitive training, and 35 min of mindfulness practice. Blood samples for BDNF analysis were collected immediately before, immediately after, and at 20 min and 60 min after each exercise. In agreement with previous findings, physical exercise generated an immediate and significant increase in circulating BDNF values (+17%; *p* = 0.004), although no significant changes were observed after cognitive training and mindfulness practice. Notably, the postexercise BDNF variation was significantly associated with working memory function (*r* = 0.89; *p* = 0.02).

These converging findings, along with evidence that the brain is the major contributor of exercise-induced circulating BDNF,[@bib0044] convincingly support the hypothesis that acute or chronic postexercise increases in BDNF translates into an improvement of some executive and cognitive functions, thus carrying substantial clinical implications. First, both disease- and age-related impairment in cognitive function may be attenuated by participation in exercise programs targeting the neurotrophin pathways (i.e., moderate-intensity aerobic exercise lasting for ≥30 min). Repeated training is also advisable, since each session of exercise seems to be effective in generating BDNF production, thus amplifying the magnitude of this phenomenon over time. Interestingly, exercise duration but not its intensity was found to be associated with BDNF variations,[@bib0018] thus supporting the hypothesis that regular performance of light exercise may be sufficient to trigger beneficial effects on BDNF. This concept has been recently confirmed by Park et al.,[@bib0045] who assessed the effects of an exercise intervention based on 20 min of daily low- to moderate-intensity gardening (i.e., approximately 3.5 metabolic equivalents, involving digging, fertilizing, raking, planting, cleaning, and watering) in 41 elderly subjects (mean age, 77 ± 6 years). The authors reported that the circulating levels of BDNF significantly increased by approximately 8% (*p* = 0.038) immediately after this low to moderate level of physical activity.

Given the evidence that physical exercise has a favorable impact on BDNF concentration in patients with neurologic disorders, it is reasonable to suggest that regular performance of aerobic exercise should be an active part of a rehabilitation program in these patients, thus modulating the interplay of neurotrophins, especially BDNF, with the pathogenesis of these conditions. This conclusion is supported by results of 2 very recent meta-analyses showing that BDNF concentration was significantly reduced in patients with Parkinson\'s disease (SMD = --1.03; 95%CI: --1.83 to --0.23; *p* = 0.012)[@bib0046] and Alzheimer\'s disease (Hedges' *g* = --0.339; 95%CI: --0.572 to --0.106; *p* = 0.004)[@bib0047] compared to healthy populations.

4. Conclusion {#sec0006}
=============

Several lines of evidence now attest to the idea that physical exercise is essential for brain health and that the repeated or chronic release of neurotrophins---especially BDNF---triggered by motor activities may be a key mediator of this effect. Therefore, promotion of adequate volumes and intensities of physical exercise (i.e., approximately 3 months of moderate-intensity aerobic exercise, with 2--3 sessions/week lasting not less than 30 min) represents an inexpensive and safe strategy for boosting BDNF release that may preserve or restore cognitive function. Additional studies should be conducted that further explore the interplay between physical exercise, neurotrophins, and cognitive function.
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[^1]: Abbreviations: p75^NTR^ = 75; Trk = tyrosine kinase.

[^2]: Abbreviation: BDNF = brain-derived neurotrophic factor.
